The effect of steady magnetic fields (SMF) on the spontaneous activity of isolated neurons is described. To our howledge these are the first reported direct measurements showing the influence of SMF on the ca2+ kinetics and the subsequent electrophysiological membrane changes. ~a~n e t i c fields induce alterations in the levels of intra and extracellular calcium and also in the rates of cellular calcium efflux [l-31. We have considered that a direct observation of the SMF effects on isolated neurons activity could reveal the electrophysiological responses concomitant with the presumably underlying changes in ca2+ ions kinetics following exposure.
Our experiments were carried out on neurons of the brain of "Helix aspersa" . The brains were mounted in a bath and immersed in Ringer solution (NaC180 mM; KC1 4 mM; CaC12 7 mM; MgCl, 5 mM; Tris-HC1 buffer 5 mM; pH = 8). Intracellular recordings were made using glass micro-electrodes filled with 1 M potassium acetate, tip resistance 2-20 MO. SMF, ranging from 30 to 2 600 gauss, were generated with an Electromagnet. The brain chamber was kept between the pole pieces of the magnet and fields of 1 160 and 2 600 gauss (similar to the ones used in NMR imaging techniques 141) were applied. We have studied 50 cells. An 86 per cent of the studied neurons are inhibited and the 14 per cent are excited by the SMF exposure. The inhibition is recorded as membrane hyperpolarizations. We could associate the hyperpolarization with the sorting of K+ ions out of the cell. In order to check the role played by the K+ ions we performed a series of experiments in Ringer K+ free and in Ringer with K+ 20 mM (five times the original concentration, Fig. 1 ).
The sorting of K+ ions is favoured in Ringer K+ free ( Fig. lc) and is blocked when the outsider concentration (K$) increases (Fig. Id) . Removal of K+ from the bathing fluid blocks the sodium/potassium pump. When 20 mM K+ is added to the Ringer solution the pump is restored, but since the exchange is 3~a + / 2~+ , the membrane resting potential (Em) decreases (Fig. Id (*) ). Nevertheless the concentration f ~i n g e r K +free .5mV 1 min -l -- gradient for K+ favours the influx of these ions into the cell and Em goes up back to its normal value.
In previous experiments applying SMF on 25 additional cells we had observed no changes either in the amplitude or the duration of the.spikes nor in the velocity of discharge. We had then to discard a direct effect of SMF on the K+ kinetics. The neurons under consideration were silent when tested under SMF and, since they did not fired spikes, we could discard the K+ channels activated by the entering ca2+ during depolarization [5] . The experiment shown in figure 1 (d) reveals a dependence of K+ conductance ( g~) with ca2+ intracellular ions. The apparently anomalous increased hyperpolarizations are due to concomitant changes in ca2+ kinetics. As K$ concentration increases voltage regulated ca2+ channels are opened [6] and these ions move inside the cell down their electrochemical gradient. ca2+-dependent-K+ channels are then opened and g~ increases [7] . We tested then the influence of ca2+ ions on the inhibitory reArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19888933 sponse under different ca2+ concentrations in the superfusate: Ringer ca2' free and Ringer with five times the original ca2+ concentration. In ca2+ free Ringer no changes were observed but in rich ca2+ the hyperpolarization duration notably increased (Fig. 2) . Fig. 2. -Under SMF, 35 mM ca2+ Ringer, increases the hyperpolarization duration.
We had now to separate the Kt-channels subpopulations which could be involved in the hyperpolarization response to SMF application. Tetraethylammonium (TEA) is a well known blocker of the voltage activated Kt-channels. When TEA (5 mM) was added t o the superfusate (Fig. 3c) As a preliminary hypothesis we could think of an increase in intracellular ca2+ free ions due to SMF exposure. In turn this would induce the activation of the ca2+-dependent-K+-channels and thereby the Kf -conductance membrane activation. The increment in the intracellular concentration of ca2+ ions under SMF could also explain the excitation recorded in the 14 per cent of the cells studied (Fig. 4) . We have observed that in neurons excited under SMF [8] when either the Nat ions are removed or verapamil (a potent blocker of the ca2+ channels) is added to the superfusate the spikes are not completely abolished. These cells are partially Na2+-independent and ca2+ ions are required t o carry the inward current of the action potential activating nonspecific membrane currents (CAN currents [9] ).
We have shown elsewhere [8] that SMF mimics the inhibitory and excitatory response to caffeine on neurons, effects which are ca2+ dependent. Caffeine movilizes ca2+ ions from the endoplasmic reticulum, where from do SMF movilizes ca2+ ions? A possibility to be tested are the neuronal ca2+ high-affinity cytosolic soluble proteins like calmoduline. Inasmuch as magnetic dipolar orientational processes could be involved in the ca2+ liberation susceptibility measurements of calmoduline are envisaged.
